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For the quarterly data of 10 Asian economies, ranging from the ﬁrst quarter of 1991 to
last quarter of 2012, we model inﬂation volatility as a time varying process through dif-
ferent symmetric and asymmetric GARCH speciﬁcations. We also propose to model
inﬂation volatility on the basis of cyclic component of inﬂation obtained from an
Hodrick Prescott (HP) ﬁlter instead of actual inﬂation when the latter does not fulﬁl the
criterion of stationarity. Through news impact curves (NICs) we tried to highlight the
behaviour of inﬂation volatility in response to lagged inﬂation shocks under different
GARCH speciﬁcations. In our results the leverage parameter shows the expected sign
and is signiﬁcant for almost all countries suggesting strong asymmetry in inﬂation
volatility. The hyperbolic sign integral shape of NICs based on Glosten-Jagannathan-
Runkle GARCH (GJR-GARCH) highlights the importance of inﬂation stabilisation
programmes particularly because of the subsequent evidence obtained in favour of bidi-
rectional causality running between inﬂation and inﬂation volatility. There is also evi-
dence in favour of the argument that a cyclic component of inﬂation obtained through
an HP ﬁlter could be used as a suitable proxy of inﬂation for volatility estimation.
Keywords: inﬂation volatility; uncertainty; Glosten-Jagannathan-Runkle GARCH
(GJR-GARCH); exponential GARCH (EGARCH); asymmetry; Asia
JEL classiﬁcation: C14, C22, E31, E37
1. Introduction
Inﬂation is undoubtedly one of the most largely observed and tested economic variables
both theoretically and empirically. Its causes, impacts on other economic variables and
cost to the overall economy are well known and understood. There could be arguments
for having, or not, moderate inﬂation in the economy and its pros and cons, nonetheless,
if the debate focuses on inﬂation uncertainty or inﬂation volatility instead of inﬂation
level, economists have almost consensus about its negative impact over some of the
most important economic variables, like output and growth rate via different channels.1
The primary purpose of this article is to investigate and analyse the behaviour of
inﬂation volatility in different Asian economies. There is a consensus about the negative
consequences of inﬂation volatility on different ﬁnancial and economic variables which
eventually deteriorate the economic growth and welfare. Abundant literature is available
on different channels through which inﬂation volatility distorts decision-making regard-
ing future savings and investments, the efﬁciency of resource allocation and the level of
real output. (Fischer, 1981; Golob, 1993; Holland, 1993).
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However there are two issues which are still debatable and there exist signiﬁcantly
different thoughts about them in economic literature. The ﬁrst issue is about the
causality running between inﬂation and inﬂation volatility. Friedman (1977), Ball and
Cacchetti (1990), Cukierman and Wachtel (1979), Evans (1991), and Grier and Perry
(1998), among other things, provide evidence in support of a positive impact of average
rate of inﬂation on inﬂation volatility, which is more commonly known as the ‘Fried-
man-Ball Hypothesis’. On the other hand Cukierman and Meltzer (1986), Holland
(1995) and Baillie, Chung, and Tieslau (1996) for UK, Argentina, Brazil and Israel and
Grier and Perry (1998) for Japan and France provide some evidences, contrary to the
above and in support of causality running from inﬂation volatility to inﬂation, which is
more commonly known as the ‘Cukierman-Meltzer Hypothesis’.
The second issue is about the suitable proxy for inﬂation volatility or uncertainty.
Although there could be several ways to estimate inﬂation volatility from the survey-
based methods to empirical models. However, the most common is to estimate inﬂation
volatility by applying the Univariate autoregressive conditional heteroskedasticity
(ARCH) or generalized autoregressive conditional heteroskedasticity (GARCH) models
proposed by Engle (1983), Bollerslev (1986) and Taylor (1986). Besides Bollerslev
(1986) there are several studies which modelled inﬂation volatility through GARCH
frameworks, such as Brunner and Hess (1993) for US consumer price index (CPI) data,
Joyce (1995) and Kontonikas (2004) for UK, Della Mea and Peña (1996) for Uruguay,
Caporale and McKiernan (1997) for the annualized US inﬂation rate, Grier and Perry
(1998) and Fountas, Karanasos, and Karanassou (2000) for G7 countries, Grier and Grier
(1998) for Mexican Inﬂation and Magendzo (1998) for Inﬂation in Chile. All these stud-
ies modelled inﬂation volatility through the GARCH model in one way or other.
The major drawback of typical ARCH or GARCH models is that they assume
symmetric response of conditional variance (volatility) to positive and negative shocks.
However, it has been argued that the behaviour of inﬂation volatility is asymmetric
rather than symmetric. Brunner and Hess (1993), Joyce (1995), Fountas, Karanasos, and
Karanassou (2000), Fountas, Karanasos, and Kim (2006) and Baunto, Bordes,
Maveyraud-Tricoire, and Rous (2007) are of the view that positive inﬂation shocks have
a signiﬁcantly greater impact on volatility compared to the negatives inﬂation shocks.
Beyond that there is some evidence from Pakistani data that having not only a lesser
impact on inﬂation volatility, negative inﬂation shocks can even contribute to reducing
inﬂation volatility (Rizvi & Naqvi, 2010). If this is correct, the symmetric ARCH and
GARCH models may provide misleading estimates of inﬂation uncertainty (Crowford &
Kasumovich, 1996).
In this article we model inﬂation uncertainty as time varying conditional variance
through the GARCH framework. By following Fountas and Karanasos (2007) and
Bordes and Maveyraud (2008), we also extract inﬂation volatility using GJR-GARCH
(TGARCH) of Glosten, Jagannathan, and Runkle (1993) and Zakoian (1994) and
exponential GARCH (EGARCH) model of Nelson (1991) to analyse and capture its
asymmetric behaviour (leverage effects) if it exists at all. For those countries where
inﬂation series is found to be non-stationary, we model cyclic component of inﬂation,
obtained through the Hodrick–Prescott ﬁlter (1981), in addition to the actual inﬂation
series to extract inﬂation volatility from it. We also present ‘News Impact Curves’
(NIC) proposed by Pagan and Schwert (1990) for different GARCH models to identify
the degree of asymmetry of volatility to positive and negative shocks of previous
periods. And ﬁnally, we test Friedman-Ball and Cukierman-Meltzer inﬂation uncertainty
hypotheses through bivariate Granger-Causality test.
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A few results are important. The hyperbolic sign integral shape of NICs based on
GJR-GARCH is consistent with the results of our previous study based on Pakistani
data (Rizvi & Naqvi, 2010) and highlights the importance of inﬂation stabilisation pro-
grammes particularly because of the subsequent evidence obtained in favour of bidirec-
tional causality running between inﬂation and inﬂation volatility. There is also evidence
in favour of the argument that the cyclic component of inﬂation could be used as a suit-
able proxy of inﬂation for volatility estimation.
The article is organised as follows: description of data and preliminary stationarity
analysis of time series is provided in Section 2; Section 3 presents the empirical frame-
work; Section 4 provides estimation and results. Section 5 discusses policy implications
and Section 6 concludes.
2. Description and preliminary analysis of data
2.1. Core vs headline inﬂation
The choice between core vs headline inﬂation as a suitable proxy of inﬂation is crucial
while modelling inﬂation volatility. It is generally believed that headline inﬂation is
more volatile than core inﬂation due to the large commodity representation including oil
and food. It is argued by Mishkin (2007) that albeit core inﬂation may not represent a
true picture of the inﬂation, monetary authorities should respond to and target core inﬂa-
tion as it would be more appropriate than responding to headline inﬂation due to its
inherently highly volatile and less persistent structure.
The above argument has certain shortcomings; many economists raised the question
that if the core inﬂation does not truly represent the inﬂation in economy do we really
need to follow or even control it? The second argument is the persistent increase in oil
prices during recent decades, which is deﬁnitely reﬂecting a changing global demand
structure for oil and thus the control of which is undoubtedly the part of the medium-
term and the long-term policies of monetary authorities.
The myth about core inﬂation being a better predictor of persistent inﬂation and thus
being the key measure to watch, came under serious threat after the release of a research
conducted by Federal Reserve Bank of Philadelphia in May 2008 saying that:
We ﬁnd that food and energy prices are not the most volatile components of inﬂation and
that, depending on which inﬂation measure is used, core inﬂation is not necessarily the best
predictor of total inﬂation. (Novak, Crone, Mester, & Khettry, 2008)
They also strongly suggest considering both core and headline inﬂation as opposed to
only core inﬂation because both measures provide independent information and the dual
focus can signiﬁcantly improve the accuracy of inﬂation forecasting model.
In light of the above arguments and keeping in view the fact that our data-set is pri-
marily composed of emerging or less developed countries where the oil price is the
major determinant of other products’ prices, the overall prices are downward sticky and
the percentage of disposable personal income on food consumption is more than 50%
as opposed to developed countries where this percentage is between 9% and 15%, it is
very difﬁcult for monetary authorities to ignore oil and food prices while modelling and
coping with inﬂation. Therefore, we decide to model inﬂation volatility on the basis of
quarterly series of CPI Inﬂation.
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2.2. Data-set
Our data-set is composed of quarterly estimates of inﬂation for 10 Asian economies;
China, Hong Kong, India, Indonesia, Malaysia, Pakistan, Philippines, Singapore, South
Korea and Thailand. All data is taken from International Financial Statistics Database
(IFS) of the International Monetary Fund (IMF) and covers the time period from 1991
ﬁrst quarter to 2012 fourth quarter.
We used quarterly data because of its additional relevance and usability in the con-
text of inﬂation in less developed countries as observed by Ryan and Milne (1994) and
calculated quarterly growth rates on a year-on-year basis by taking fourth lagged differ-
ence of natural logarithms of the CPI Series. The descriptive statistics of inﬂation for
sample countries are provided in Table 1.
2.3. Stationarity of variables
To check the order of integration, we conduct the panel unit root tests for inﬂation in
this section. Table 2 reports the summary statistics of ﬁve different panel unit root tests
each with two classiﬁcations, ﬁrst with constant term only and the second with both
constant and trend term. Two out of ﬁve tests assume common unit root process in all
cross sections where as the rest of three assume individual unit root processes for each
cross section, which is more realistic assumption. Only the Levin-Lin-Chu (LLC) test
does not reject the null hypothesis of common unit root in both speciﬁcations, rest of
the tests clearly reject the null hypothesis of common or individual unit root and are
highly signiﬁcant.
The rejection of null in Im-Pesaran-Shin (IPS), Augmented Dickey-Fuller (ADF)
and Phillips-Perron (PP) test is a little vague in the sense that it leads us to accept the
alternative of ‘some cross sections without unit root’. To have a deep insight about each
cross section we report the Im, Pesaran and Shin W-statistics for individual cross sec-
tions in Table 3, considering only the intercept term and automatic lag selection based
on Schwarz information criterion (SIC). The reason for dropping the linear trend term is
that in our opinion economic theory does not provide enough evidence in support of
assumptions about the presence of any long-term linear trend in inﬂation rate.
From Table 3 it is clear that at least in three countries, Hong Kong, India and
Pakistan, the t-statistic falls within the acceptance region of null of unit root, thus indi-
cating that inﬂation is non-stationary there. Some other tests2 force us to believe the
same thing for Singapore and South Korea.
3. Empirical framework
3.1. Construction of mean equation
There are certain economic and ﬁnancial variables that are widely believed to be impor-
tant determinants of inﬂation, however, we choose to model inﬂation dynamically
through an autoregressive process (Equation 1) in which inﬂation in one period is a
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The reason for the inclusion of autoregressive term dipti is straightforward, as inﬂation,
like many other economic variables, has shown strong inertia in various studies.
Cecchetti Chu and Steindel (2000) for US data veriﬁed that none of the single indica-
tors, out of 19 which are generally believed to be important determinants of inﬂation,
are able to improve the forecasts of autoregressive model clearly and consistently. Bin-
ner et al. (2009) also did not ﬁnd signiﬁcant support for the usefulness of monetary
aggregates in the process of forecasting inﬂation and they declared non-linear autore-
gressive model based on kernel methods as best for the job.
The decision about the number of lags to be included in each cross section is based
on Akaike information criterion (AIC) and Bayesian information criterion (BIC). To
check the presence of serial correlation in the residuals of Autoregressive (AR) model,
we applied the Breusch-Godfrey test and Ljung-Box Q statistics and then introduced
appropriate AR or Moving Average (MA) terms for errors, as have been indicated by







hiuti þ et (2)
Table 3. Im, Pesaran and Shin unit root test statistics for individual cross section.
Cross section t-Stat E(t) E(Var) Lag Max Lag Obs
China −2.7397 −1.477 0.802 5 11 81
Hong Kong −0.9262* −1.481 0.788 4 11 83
India −1.4050* −1.427 0.855 8 11 79
Indonesia −6.4052 −1.526 0.749 1 11 86
Malaysia −2.7681 −1.526 0.749 1 11 86
Pakistan −0.9892* −1.476 0.803 5 11 80
Philippines −2.4992 −1.478 0.801 5 11 82
Singapore −2.0354 −1.525 0.750 1 11 83
SKorea −1.6866 −1.478 0.791 4 11 80
Thailand −3.8036 −1.526 0.749 1 11 86
*Fails to reject the null of unit root.
Source: Author’s calculations.






Statistic Prob.** Statistic Prob.** Cross-sections Obs
Null: Unit root (assumes common unit root process)
Levin, Lin and Chu t* 0.66668 0.7475 2.84705 0.9978 10 826
Breitung t-stat −2.01232 0.0221 10 816
Null: Unit root (assumes individual unit root process)
Im, Pesaran and Shin
W-stat
−3.69279 0.0001 −2.78323 0.0027 10 826
(ADF) - Fisher Chi-square 61.4599 0.0000 54.8758 0.0000 10 826
(PP) - Fisher Chi-square 45.8235 0.0009 38.2066 0.0084 10 861
Source: Author’s calculations.
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There are many approaches to estimate models with AR or MA error speciﬁcations like
Cochrane–Orcutt, Paris–Winsten, Hatanaka, and Hildreth–Lu procedures but they all are
bound to operate in the horizon of standard linear regression. Therefore the results
obtained from these approaches are not reliable when model contains lagged dependent
variable as regressor, as we have in our mean equation (Davidson & MacKinnon, 1993,
pp. 329–341; Greene, 1997, pp. 600–607). To overcome this problem we applied non-
linear estimation which is applicable even when the model contains endogenous right
hand side variables and whose estimates are asymptotically equivalent to maximum
likely hood estimates and are asymptotically efﬁcient (Fair, 1984, pp. 210–214;
Davidson & MacKinnon, 1993, pp. 331–341).
3.2. Modelling of non-stationary inﬂation
One can argue that the results obtained from the above model could possibly be ques-
tionable for those countries where the inﬂation series is found to be non-stationary. To
cope with this problem we proposed to model cyclical component of inﬂation, obtained
from the Hodrick–Prescott (HP) ﬁlter, instead of inﬂation to capture conditional variance
or inﬂation volatility through different GARCH speciﬁcations. The use of HP ﬁlter as a
tool for detrending is popular among researchers and its advantage, compared to tradi-
tional differencing method, is that it removes only the slowly moving stochastic long-
term trend from the original series thus keeping the persistence of data preserved in the
cyclic component. There is also evidence that ﬁrst difference detrending removes not
only the trend but also some other useful information from the original series (Fiorito,
2008) which also makes HP ﬁltering better than simple ﬁrst difference detrending. While
there are certain limitations of HP ﬁlter pointed out by Harvey and Jaeger (1993) such as
potential spurious cyclical structure and spurious correlations when the series is I(0), yet
its usability in detrending cannot be ruled out completely (Ahumada & Garegnani,
1999). Thus, in compatibility to the above methodology, we model pC (Cyclic compo-
nent of inﬂation) as well as p (inﬂation) for Hong Kong, India, Pakistan, Singapore and
South Korea where we do not have enough evidence to reject the null of unit root in
Inﬂation series. The structure of Equation 1 will become as Equation (3) and rest of the




dipCti þ ut (3)
3.3. Volatility estimates
We chose the GARCH speciﬁcation to model inﬂation volatility as there is much
evidence available which suggest that the GARCH speciﬁcation is better than ARCH.
In an study about the performance of different volatility models, Lunde and Hansen
(2001) ﬁnd that while comparing the competing models on the basis of their out of sam-
ple predictive abilities, they do not have enough evidence to reject the hypothesis that
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where
x[ 0 ai 0 and i ¼ 1; 2; . . .. . .; q
bj 0 and j ¼ 1; 2; . . .. . .; p
GARCH is more parsimonious compared to ARCH as it captures the effect of inﬁnite
number of past squared residuals on current volatility with only three parameters and is
less likely to breach non-negativity constraints artiﬁcially imposed on ARCH,
(Bollerslev, 1986). But the primary restriction of GARCH model is that it enforces a
symmetric response of volatility to positive and negative shocks. According to Brunner
and Hess (1993) and Joyce (1995), a positive inﬂation shock is more likely to increase
inﬂation volatility via monetary policy mechanism, as compared to negative inﬂation
shock of equal size. If this is true then we cannot rely on the estimates of symmetric
ARCH and GARCH models and will have to go for asymmetric GARCH models. To
capture those asymmetric responses of inﬂation volatility we used two asymmetric for-
mulations of GARCH which are GJR or Threshold GARCH (TGARCH) models of
Glosten, Jagannathan, and Runkle (1993) and Zakoian (1994); and the exponential
GARCH (EGARCH) model proposed by Nelson (1991).
GJR-GARCH is simply an extension of GARCH(p,q) with an additional term to
capture the possible asymmetries (leverage effects). The conditional variance is now:
ht ¼ xþ aie2ti þ cie2tiIti þ bjhtj (5)
where It1 ¼ 1, if et1\0, otherwise It1 ¼ 0. If the asymmetry parameter γ is negative
then negative inﬂationary shocks result in the reduction of inﬂation volatility (Baunto,
Bordes, Maveyraud-Tricoire, & Rous, 2007).
Conditional volatility is positive when x[ 0; ai 0, ðai þ ciÞ=2 0 for i ¼ 1 to q,
and bj 0, for j ¼ 1 to p. The process is covariance stationary if and only if
½Pqi¼1ðai þ ciÞ=2þPpj¼1 bj\1 (Forte & Manera, 2006).
The exponential GARCH model was proposed by Nelson (1991). There are various
ways to express the conditional variance equation. One possible speciﬁcation is men-



















Both of these asymmetric GARCH models have several advantages over the traditional
ARCH and GARCH speciﬁcations. First, variance speciﬁcation represented in Equation
5 and Equation 6 makes it possible to capture the asymmetric effects of good news and
bad news on one period ahead conditional variance, which is preferable in the context
of modelling inﬂation and inﬂation volatility. Additionally in EGARCH speciﬁcation,
since the conditional variance is modelled in its logarithmic form, then even in the
presence of negative parameters, ht will be positive thus relieving the non-negativity
constraints artiﬁcially imposed on GARCH parameters.
3.4. Impact of news on volatility (policy effectiveness)
For further investigation of asymmetric behaviour of inﬂation volatility, we analysed the
effects of news on volatility or inﬂation uncertainty with the help of the NIC. The idea
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was primarily proposed by Pagan and Schwert (1990) and Engle and Ng (1993) to
relate how news impact stock volatility. By keeping constant all the information at t-2
and earlier, we can examine the implied relation between et1 and ht which is called the
NIC. The primary purpose of the NIC is to graphically represent the impact of past
shocks of inﬂation (news) on current volatility. It is a pictorial representation of the
degree of asymmetry of volatility to positive and negative shocks and it plots next per-
iod volatility ht that would arise from various positive and negative values (news) of
past inﬂation shocks ðet1Þ (Pagan & Schwert, 1990), which will effectively help in
determining the usefulness of inﬂation stabilisation programmes and inﬂation targeting
policies. For the standard GARCH model, NIC is a quadratic function centred at
et1 ¼ 0. The equations of NIC for the GARCH, GJR-GARCH and EGARCH models
are provided in Table 4.
Where ht is the conditional variance at time t, et1 is inﬂation shock at time t−1, r
is the unconditional standard deviation of inﬂation shocks, x is constant term and a1
and b1 are the parameters corresponding to e
2
t1 and ht−1 in GARHC, GJR-GARCH and
EGARCH speciﬁcations.
The shape of NIC depends upon the slope values for positive and negative shocks.
For GARCH speciﬁcations slope values are same for all shocks thus generating sym-
metric NIC. However in GJR-GARCH model, for bad news when et1[ 0 , the slope
of NIC is equal to a1 only and equals to ða1 þ c1Þ when et1\0 which is a case of
good news; whereas c1 is the asymmetry parameter or leverage parameter in GJR-
GARCH and EGARCH speciﬁcations.
4. Results and ﬁndings
4.1. GARCH speciﬁcation
We checked the stability condition of three GARCH speciﬁcations for all countries in
Table 5 and found some violations.
Under symmetric GARCH speciﬁcation, for South Korean inﬂation and its cyclic
component the ARCH coefﬁcient ðaÞ is negative, for Malaysia and Indonesia the
GARCH coefﬁcient ðbÞ is negative; in addition to that there is also a violation of sec-
ond order stationarity condition in case of China and Indonesia where ðaþ bÞ[ 1 due
Table 4. News impact curves for different GARCH processes.
Model News impact curve representation
GARCH(1,1) ht ¼ Aþ a1e2t1
whereA ¼ xþ b1r2
and r2 ¼ x=½1 a1  b1
GJR-GARCH(1,1) Or TGARCH(1,1) ht ¼ Aþ ða1 þ c1It1Þe2t1
whereA ¼ xþ b1r2
and r2 ¼ x=½1 a1  b1  c12
 
EGARCH(1,1) ht ¼ A exp a1 et1j jþc1et1ð Þr
n o
whereA ¼ r2b1 expfxg






Source: Engle and Ng (1993) and Eric Zevot (2008).
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to which, for these two countries, the long run mean reverting level of volatility is nega-
tive (detailed results are provided in Appendix Table 1.A.1).
4.2. GJR-GARCH speciﬁcation
The results of GJR GARCH are very promising. For almost all instances, except for the
cyclic component of inﬂation in Singapore, the leverage or asymmetry parameter ðcÞ is
negative (signiﬁcant at 5% or below for Pakistan, China, Indonesia, Thailand and India)
which is expected and indicates the fact that negative inﬂation shocks (good news) in
one period reduce the next period volatility. The condition for volatility to be covariance
stationary i.e.; ½Pqi¼1ðai þ ciÞ=2þPpj¼1 bj\1 (column 4 of Table 5) is also fulﬁlled
for all cases. However the non negativity constraint ½ðai þ ciÞ=2 0 (Column 5 of
Table 5) is not fulﬁlled in case of Pakistan, Indonesia, Thailand and India, the obvious
reason for which is that the asymmetry parameter is much larger as well as highly
signiﬁcant than ARCH coefﬁcient for these countries ðci[ aiÞ (detailed results are
provided n Appendix Table 1.A.2).

















CHINA −8.2851 1.020863 0.456016 0.098152 0.201157 0.843743
HONG
KONG




0.937769 0.860247 0.657212 0.07826 0.366703 0.688071
INDIA 4.417416 0.946739 0.542511 −0.09041 −0.6009 0.908148
INDIA
(cyclic)
1.610521 0.849445 0.625568 0.292448 0.820412 1.112438
INDONESIA −4.37187 1.854417 0.269814 −0.23007 −2.33769 0.30183
MALAYSIA 0.419635 0.101467 −0.08363 0.160531 0.924166 0.925238
PAKISTAN 2.066967 0.65295 0.564163 −0.07614 −0.40042 0.426501
PAKISTAN
(Cyclic)
7.629162 0.970386 0.306752 −0.0505 −0.15674 0.830713
PHILIPPINES 5.358836 0.918545 0.15968 0.044748 0.144877 0.996703
SINGAPORE 0.249842 0.534586 0.148038 0.015517 0.099954 0.505912
Singapore
(Cyclic)
0.346369 0.980668 0.810881 0.092052 −0.08109 0.074869
SOUTH
KOREA




0.871926 0.47909 0.548528 0.299523 0.709121 1.246789
THAILAND 1.179098 0.605412 0.831552 −0.0863 −0.28006 0.427316
*Bold Values represent violations.
Source: Author’s calculations.
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4.3. EGARCH speciﬁcation
EGARCH speciﬁcation provides us with the relationship between lagged shocks of
inﬂation and the logarithm of the conditional volatility. Because of this logarithmic
speciﬁcation, EGARCH is convenient to handle compared to other GARCH speciﬁca-
tions as there are no restrictions on its parameters. In EGARCH speciﬁcation, past nega-
tive shocks have an impact ai  ci on the log of the conditional variance, while it is
ai þ ci for positive shocks. Generally it is observed that impact is greater in case of neg-
ative shocks ½ðai  ciÞ[ ðai þ ciÞ because ci is expected to be negative or less than
zero, but that assumption is valid only if we are modelling returns. For inﬂation, the
converse is true; here we must expect that ci is positive so that ½ðai  ciÞ\ðai þ ciÞ and
the impact is lesser on conditional volatility in case of negative inﬂation shocks (good
news) compared to the situation of positive inﬂation shocks (bad news) (reported in the
last two columns of Table 5). It can also be viewed in Appendix Table 1.A.3, that
asymmetry parameter ci is positive as per expectation in all 15 instances and is signiﬁ-
cant at 5% or below in eight out of 15 instances.
4.4. News impact curves
NICs obtained by using the equations of Table 4 are reported in Appendix Figure 1.B.1.
We would like to speciﬁcally highlight the cases of India, Indonesia, Pakistan and
Thailand where the NIC is based on GJR-GARCH is quite different from its widely
believed parabolic shape as mentioned in Figure 1.
This hyperbolic sign integral shape of GJR-NIC is extremely important for monetary
authorities and highlights the importance of inﬂation stabilisation programmes or inﬂa-
tion targeting policies, which reduces the next period volatility (Johnson, 2002). The
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Figure 1. Hyperbolic shape of GJR-GARCH news impact curve (Thailand).
Source: Author’s calculations.
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same hyperbolic sign integral shape of GJR-NIC was found for Pakistani inﬂation with
a data-set consists of relatively larger time period.
4.5. Modelling cyclic component of inﬂation to capture inﬂation volatility
We have mentioned above that for the countries where we found inﬂation to be
non-stationary (Pakistan, Hong Kong, Korea, Singapore and India) we ran additional
regressions of cyclic component of inﬂation and modelled inﬂation volatility based on
the residuals of cyclic inﬂation. We then compare the volatility based on inﬂation and
the volatility based on cyclic component of inﬂation for these countries to check how
much reliable this procedure is in the volatility estimation when the original series is
non-stationary.
Table 6 reports the results of tests of equality of mean and variance between the two
volatility estimates based on inﬂation and on its cyclic component. Graphical representa-
tion of all volatility estimates are presented in Figure 2. T-test and Anova F-test assume
the equal mean and variance for volatility estimates obtained from total inﬂation and
cyclic component of inﬂation. Whereas Satterthwaite-Welch t-test and Welch F-test
assume equal mean but allow for unequal variances. According to these results we can-
not reject the null of equal mean and variance of volatility estimates derived from total
and cyclic component of inﬂation, in four out of ﬁve countries under GJR-GARCH
speciﬁcation. Put it in another way, it doesn’t matter whether we model inﬂation
volatility from total inﬂation or its cyclic component because there is evidence that the


























































Figure 2. Volatility estimates from total and cyclic components of inﬂation.
Source: Author’s calculations.
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4.6. Ranking on the basis of conditional standard deviation
Figure 3 provides relative positions of countries on the basis of mean conditional stan-
dard deviations obtained from three different GARCH speciﬁcations. There are minor
differences in means across three speciﬁcations; however the relative position or rank of
country is same for all. Indonesia, China, India, Philippines and Pakistan have the most
volatile inﬂation whereas Singapore, Malaysia, Korea and Hong Kong have relatively
stable (less volatile) inﬂation.
As far as the relationship between inﬂation level and inﬂation volatility is concerned,
there is a strong positive relationship between the two no matter which GARCH speciﬁ-
cation is used (reported in Appendix Table 1.A.4). However the following graph pro-
vides the scatter plot with regression lines during three different time periods and
indicates that at least for Hong Kong, Korea, Malaysia and Philippines this relationship
is not stable. The change of sign in the slope3 for these four countries could be an indi-
cation of ‘stabilisation hypothesis’ which says that high inﬂationary and uncertain envi-
ronment could have a negative impact on succeeding period inﬂation rate and which
one can rationally expect to hold after the Asian ﬁnancial crisis of 1997, when most
central banks started reforming their ﬁnancial sectors and implemented stabilisation pro-
grammes.
4.7. Causality between inﬂation and inﬂation volatility
Table 7 reports the categorised summary based on the quantitative results of Granger
causality test4. It is clear that GARCH speciﬁcation is not much successful in capturing
the causality running between inﬂation and inﬂation volatility as for most of the coun-
































































































































































































Mean Volatility Estimates (Coditional Standard Deviations)
Under EGARCH, GJR-GARCH and GARCH Specifications
Figure 3. Mean volatility estimates (conditional standard deviations).
Source: Author’s calculations.
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Overall results are cumbersome but if we focus on asymmetric models (EGARCH
and GJR-GARCH), both strongly favour the presence of Friedman-ball hypothesis and
reject the presence of Cuckierman-meltzer hypothesis for Indonesia, Malaysia, Pakistan
and Phillipines. The results for other countries are although biased in favour of Fried-
man ball hypothesis but in general they are mixed and support signiﬁcantly the presence
of both hypotheses leading us to infer the presence of bidirectional causality running
between inﬂation and inﬂation volatility. Hong Kong is a special case for which both
asymmetric models strongly reject the presence of any causality between inﬂation and
volatility no matter whether we base our analysis on total inﬂation or on the cyclic com-
ponent of inﬂation.
5. Policy implications
Several important dimensions pertaining to inﬂation and its volatility have been
explored in the above analysis and warrant the special attention of policymakers. First
and foremost is the detection and estimation of asymmetry in inﬂation volatility that has
been done by using GJR-GARCH and EGARCH models and further supplemented by
NICs to have its graphical view (Appendix Figure 1.B.1). Unless policymakers are
aware about those possible asymmetries, they wouldn’t be able to truly understand the
importance of inﬂation stabilisation programmes or the inﬂation targeting policies. These
asymmetries are strongly suggestive of the fact that if in one period policymakers are
successful in reducing inﬂation due to inﬂation stabilisation programmes, it would help
them in reducing the next time period’s volatility (Johnson, 2002). We would like to
draw attention to another fact which is that the two asymmetric speciﬁcations, i.e. GJR-
GARCH and EGARCH that we used in this study also strongly support the presence of
causality running from inﬂation to inﬂation volatility commonly known as the
Friedman–Ball hypothesis. Although this causality makes the task of policy-makers
more difﬁcult because if they miss containing the inﬂation up the level of target inﬂa-







-20 0 20 40 60 80
INF
_CN, SDEGINF _HK, SDEGINF _ID, SDEGINF _IN, SDEGINF _KR, SDEGINF















-20 0 20 40 60 80
INF
1987Q1 to 1999Q1 2007Q1 to 2008Q41999Q1 to 2007Q1
Figure 4. Inﬂation volatility and inﬂation across countries and time.
Source: Author’s calculations.
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period. This increased volatility could be severely damaging for the economy and could
wipe out the real economics growth through different channels. Yet on the other hand
policymakers could capitalise this causality in their own favour. If they successfully
implement the inﬂation stabilisation programme in one time period, because of the
simultaneous presence of asymmetries and causality from inﬂation to inﬂation volatility,
it would surely reduce the volatility of next period and save the economy from potential
losses.
It is also interesting to note that for those four countries (Hong Kong, Korea,
Malaysia and Philippines) where we have observed a shift in relationship between inﬂa-
tion volatility and inﬂation from positive to negative during the period of 1999 to 2007
(Figure 4) granger causality tests strongly ruled out the presence of Cukierman–Meltzer
hypothesis. This fact implicitly rejects the existence of so called ‘Stabilising Hypothesis’
by Holland (1995) which says that high inﬂation uncertainty can have a negative causal
impact on succeeding average inﬂation rates because the natural stance of policymakers,
in the presence of high inﬂation and high uncertainty, would be to contract the growth
of money supply which could reduce average inﬂation rates in the upcoming periods.
Given the low probability of having stabilising hypotheses, the negative relationship
between inﬂation and inﬂation volatility points out the lack of credibility of inﬂation
stabilisation programmes. However, for China, India, Indonesia and Singapore we have
strong evidence of holding both the Friedman–Ball and Cuckierman–Meltzer hypotheses
which further increase the importance and need of inﬂation stabilisation programmes
that are already essential for them given the asymmetric responses of volatility to
inﬂation.
6. Conclusion
This study contributes the following in the existing body of knowledge. First of all it
can be argued that the asymmetric GJR-GARCH and EGARCH models performed bet-
ter than symmetric GARCH in capturing inﬂation volatility for selected Asian econo-
mies. The hyperbolic sign integral shape of NIC based on GJR-GARCH for India,
Indonesia, Pakistan and Thailand is not only consistent with the results of our previous
study based on Pakistani data (Rizvi & Naqvi, 2010), but also highlight the importance
of inﬂation stabilisation programmes and inﬂation targeting policies where negative
inﬂation shocks reduces one period ahead volatility which could subsequently reduces
inﬂation in further periods and so on. Evidence of bidirectional causality between inﬂa-
tion and inﬂation volatility also strengthens the idea of having such type of chain reac-
tion. It can also be claimed that volatility estimates obtained from total inﬂation and
cyclic component of inﬂation exhibit the equal mean and variance properties under
GJR-GARCH speciﬁcation, thus making the cyclic component of inﬂation obtained
from HP ﬁlter a suitable proxy of inﬂation in volatility modelling for those countries
where inﬂation is non-stationary.
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Notes
1. We use the terms inﬂation uncertainty or inﬂation volatility interchangeably.
2. We used ADF and PP test individually for all economies instead of conducting a panel unit
root test.
3. Change of Sign in slope is robust to change in dependent variable as well as to the lagged
values of regressor for these four economies.
4. Detailed results are not reported but can be obtained from authors upon request.
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Appendix 1.B. Figures and graphs
Figure 1.B.1. News impact curves – an overall view
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